This paper investigates the thermodynamic performance of all 3--process, work-producing cycles for non-reacting perfect gases. Out of. the 18 possible combinations of cycles composed of 3 processes, there are only 8 cycles which can produce work. The analysis studies the effect of cycle parameters on cycle performance. The performance is reflected by the first and second law efficiencies n/ and :III and dimensionless heat and available energy input gin(=Qin/cv Tmin) and ain(=Ain/cv Tmin) respectively. The parameters in dimensionless form are: compression ratio r(=maximum to minimum volume ratio), specific heat ratio k, minimum to ambient temperature ratio Tmin/To, maximum to minimum temperature and pressure ratios Tmax/Tmin and Pmax/Pmin respectively.
INTRODUCTION
Most thermodynamic studies of the performance of theoretical work-producing and work-absorbing cycles (e.g. [ 3 -5 ] ) are applied to cycles composed of 4 or more processes (e.g. Otto cycle, Diesel cycle, Brayton cycle, etc...), and little attention has been given to 3-proces cycles. In these studies the first law of thermodynamics (law of conservation of energy) has been the main tool in the analysis. Recently, the second law of thermodynamics (available energy analysis) was used as an another essential tool in cycle analysis (e.g. [ 1 -2 ] ).
The present work is a comprehensive study of the, performance of work-producing, 3-process closed cycles for non-reacting perfect gases (having ideal gas equation of state and constant specific heats). There are 18 different 3-process cycles which can be formed from combinations of processes: constant volume (isochoric), constant pressure (isobaric), constant temperature (isothermal) and constant entropy (isentropic). Only 8 cycles (shown in Fig.l on p-v and T-s planes) are work-producing cycles. The present work investigates the effect of cycle parameters on cycle performance. The analysis covers the range of parameters: r=5 to 30, k=1.2 to 1.4, Tmin/T0=0.8 to 1.2 and Tmax/Tmin = 2 to 10.
In the discussion of practical applicability of these cycles, limiting r-values (suggested not to exceed 30) which result in values of Tmax/Tmin > 10, and/or Pmax/Pmin 1 100 are demonstrated.
It is believed that the present work could open new horizons for using 3-process cycles in real applications. Also the analysis methodology presented in this work could be a good tool in performance analysis and design of more complicated cycles.
ANALYSIS
The governing equations used in the analysis are:
Ideal gas equation of state pv=RT Constant specific heats c p , c v = const.
The first law of thermodynamics q= G u+w b The second law of thermodynamics a. = in a f The relationship T ds = du+p dv
The above governing equations are used to determine 1-II and nII as follows: 
where a-b is defined as the heat input process of the cycle. The above equation is reduced using the governing equations to the simple form nI/ nII = 1 -To/Th , where:
T h = T a = T b if a-b is isothermal, and if a-b is either isobaric or isochoric ln(Tb/Ta)
i.e. Th=LMT, the logarithmic mean temperature of process a-b. using the last conclusion, Eq.(7b) reduces to:
where n c is the efficiency of an equivalent Carnot cycleworking between temperature limits To and Th. Expressions of nil in terms of r,k and Tmin/To for the 8 cycles are shown in Table 1 . Table 2 shows n 1 and n II as functions of k, Tmin/To and x( "Tmax/Tmin)-
DISCUSSION
The preceding analysis shows that cycle parameters r,k, Tmin/To and x greatly influence III , nII , qin and ain. The analysis studies the effect over ranges of cycle parameters: r=5 to 30, k=1.2 to 1.4, Tmin/T0=0.8 to 1.2 and x=2 to 10. Sample curves are displayed in Figs.2 through 5. Limiting values of r (given in Table 3 ) which result in x 10, and Pmax/Pmin > 100 are shown in these figures by symbols 0 and • respectively.
The above figures show that cycles 1 and 8 (beyond r=5.18) and cycles 2 and 6 (beyond r=10) are not practical for real applications (Tmax is in the order of 3000K=10xTmin) . The largest values of n/ and nII in Figs. (2) and (3b) are those of cycles 5 and 3, and the lowest are those of cycles 8 and 6 respectively. results in an overall decrease in II I' of all cycles except cycles 4 and 7. Cycle 4 has an overall increase in nil. Cycle 7 has values of nii exceeding 100%(not shown in the figure) which means it is impossible to operate it with Tmin/To < 1.0 (it violates the second law of thermodynamics). Similar discussion holds for the effect of r on gin and ain shown in Fig.4 .
The effect of x (shown in Fig.5) shows that cycles 5 and 7 have the largest ni and nil (larger by about 15% and 35% than those of cycles 3 and 4 at x=10 respectively). Table 3 3-It is impossible to operate cycle 7 with Tmin/To less than 1.0, since n il is larger than 100% which violates the second law of thermodynamics.
4-Cycles efficiencies in the suggested practical range of application (r < 30, Tmax/Tmin < 10,P 100 and Tmin/To = 1.0) vary between 20 to 72% for ni and 25 to 100% for nil-The highest values are those of cycle 5 and the lowest are those of cycle 8. 
In (r) k(r-1) (Tmin/To)(r-1) . 
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